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(54) SILICON SINGLE CRYSTAL PULUNG-UP METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an ingot having no point 
defect agglomerates and exhibiting intrinsic gettering(lG) effect 
when formed into a wafer. 

SOLUTION: When a region of less than the lowest interstitial 
silicon concentration capable of forming an interstitial-type large 
dislocation, which is adjacent to a region [I] having interstitial 
silicon point defects dominantly therein and also belongs to a 
perfect region [P] having no point defect agglomerate, is defined as 
[PI], and further, a region which is adjacent to a region [V] having 
vacancy point defects dominantly therein, belongs to the above 
region [P] and is less than a vacancy concentration capable of 
forming COP(crystal originated particles) or FPD(flow pattern 
defects), is defined as [PV], a silicon single crystal ingot which 
comprises both regions [PI] and [PV] and of which an oxygen 
concentration is 1.4 x 1018 atoms/cm3 or more (by the former 
ASTM) is heated and kept at a temperature of 600-500° C for 2- 
50 hr at the point of time when the temperature of the silicon 
single crystal ingot is lowered to a prescribed level within the rang 
of 1,000-600° C due to the pulling-up to obtain the objective 
ingot. 
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im&m i ] u n y nus >dyh(H v<Dfe?m 

">U3Vl!jiS^Pii^3aBW»i:#&f [I] fc 
t> ^JLS^RSA^EWfc^a-r^M^^: [V] fc 

0}<^&»M¥t£L&</v\— y iif [p] 
fcfN 

WE/<-7x^HH« [P] <c5ft«5"j3V»Bfi^ 

[P] K«L«AS»gfl!te«jaLI#S«ffi©tfr?|B|S/y 
3 >»A*»iOfR«% [Pi] fcU flOISffltig [V] |c 
R«L*0|<fia/<-7x*r-«« [P] (CJSLCOPX 
ttFPD*JB«LSSffi?L»«WT<D«««: [Pv] fc 

-rsfct, 

Hfff2->'Jn>'#Jg a B H ^vdf-y h«MIHffi^ [Pv] Rtf 
ffltt [Pi] 03Jf#3^6*9^O»3Rii«*«l. 4X1 
O 18 atoms/cm 3 (IB A S TM) U±T'$>r>T-. 
3 l±W fc <k 5 MIHv' U 3 yjg^H^ y =f y Y (D'U&ft 1 
0 0 0 — 6 0 0°C(DiaSf|BHrt(Dm^aa$-pKlTb/c: ao 

jg£:6 0 0 — 5 00TCT*2~5 OfflHttSCi:^ 

[f»5f<^ 2 ] -> U 3 yi&fcSH-i' Vd7 h rt-z?cDte?fig 
'>'j3>SMlXlli^3aB«Wc*fiE^-*«««r [I] fc 
U S?LS!]6*IB#5£E»fc#fc-rs««* [V] fc 
U ^^'>y3>SJ^^RS©?l*i*R0 ; ^?LS^|5(§ 
<Dmm#&&tEl.%;l,v < l— hfS^E* [P] fc-r* 

fc^ 

SWa*— r-fli« [p] i>5ftS'>'j3y*B*'C 30 

y3*-y h*3l±tf «^rfe»cfei,%Tx 

«Jffi«« [I] te»«L^ojWJB7<-7x^h«« 

[ P ] icm LS^(Efi?:^LfSM©«?S-> y 
3^lt*10l«% [Pi] fcU [V] tr 

»&L*voiJM3^-:7x* hfl(« [P] IciLCOPX 
«FPD*«figL»«ffi?L«SWTO<il«% [Pv] fc 

-rsfci*, 

flfflE~>y3yJM§i^fy;j.y MlMfEffi^c [Pv] 
m% [Pi] (OmifrZ* t)^OS^58jS*M . 1- 
1. 2X10 18 atoms/cm 3 (IB A S TM) T'& <o 

3 l±tf <fc t) hSIBv' 'J 3 yUMgH^ h oi&Stf l 
0 0 0-6 0 CCOjafilEHrtflDBf^iaaSTfBTUfc 

S5:600~500tT*20~5 0 B#|ig*fHf t * C fc £ 

3 ] ~y y 3 yi*|gfi^ yd -y h T*<Dte?f?g 
->y3>s^PSA^fiBWfc#ft-r«sg«^ en fc 
u 2?Lg£fcraa<3ffiWfcfctt-rs««* [v] fc 



L&lvS-^x^Sflg?*: [P] fc-T-S 

fct. 

W&<-7ii'h«* [P] ^^Sv-'inyi^ 
y3*-y Ytt\±.t,?%?5mad^T, 

mEmm [ i ] fc»SL**o*raj<-7i* h«« 

3V||fcMilOg|t* [Pi] fc-TSfc?, 

gutsy y 3 >»efi-r > h ammos. [ p i ] 

*^*t)frO»*»A*M. 4X10 ,8 atoms/c 
m 3 (IB A S T M) «±T3&oT, 
3 l±mc«fc t) S5f2-> y 3 yi|MSJ&-r y=f -y h ofiftjy l 
0 0 0-6 0 0°CcOjaSIBHF«3©m^SJS$T'KTbfc 

m*6 0 0X:-P2 0 — 5 0^30*5 0 0^1-6- 5 0 

mrmft? zct *&mt?z y y 3 yjmaaos i ±tf 

m&m 4 ] y y 3 i/msas ^7 h rtTojfrfiw 
s/uavs^nas'saawfcflFfiE-rstHW* [13 t 

U ^TLSj^XHI^StEWHi^-rsiiSW* [V] fc 

OSittA'SSLftlv^- 7xi» MS®^ [P] fc-TS 
fc#, 

«»B/<— 7 x * r-fifiS? [P] frt.W->'j3>*fe B ^ 

Mia«t« [ 1 ] icmmisfr-z>m&*—7 vmm 
3vig«tofia^ [Pi] fc-r^fc^, 

'J 3 V^ttS^f >=f h ttffiEflfig [Pi] <DH 
t) Aoiilfi!!)' 1. 1 — 1. 2xio ,8 ato 
ms/cm 3 (IB A S T M) tX±T'fe-3T, 

3 i±tf fc«fc k> msz/ y 3 ym^s-f yd -y h ©iae^ 1 
0 0 0-6 0 oiccoasti5Hrt<oms?aa$T-^Tbfc 

S^r5 0 0^IBIIH*-r*{lfc*W«fc-r*S/U 
[00 0 1] 

ftL^^yy3y^ B 3 B ^s!ia-r^73)*{cM-r-5 0 mic 
PL<t±, ^y hy >>--y ^y-y^y y^ gwt\ i 
g) »%w-r*s/y 3y^ B B B (D3i±^-73ffifci8-r-5t, 

COO 0 2] 

Ri (Oxidation Induced Stacking Faults VLT. OS F 

fc^o., ) <omti3:zmmvim<m<Dm'b!nv& j p, &s>tc 

gHLf;^-f-fi';l' (Crystal Originated Particl 
e. WT, COPfcl^^o ) sK^(±iAfififi (Int 
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erst itial- type Large Dislocation. £4T\ LDt^ 

* (D y - ^ w8a<Dmimm<»^&.mm tc * -s „ s/icop 

fct, aiiMOi/ U 3 V) i-A^ 7 >t-7 tig 
{^^^l^T'gtjf'L/c: i: ^ x -MSffi^tti^-r 

(Time Dependent dielectric Breakdown.. TDD 
B) „ gr{t;Igi}jE#14 (Time Zero Dielectric Breakdo 
wn. TZDB) mt££it-$-&Zimmtl3;Z> < , SfcCOP 

m, Hi c <£> &pg;&£ Cfc is U n x — / a* 7 

[0 0 0 3] K±Odcfr?,, ¥»<***lalK«:Sji-r 
?ftfe(i:i^f 1 n«'> | j3 /Nfr&o s f, co 
PStf LD%M'J>-$1i:ZCttf&mt%:-3T^Z e CCD 
OSF. C O PML D*#tftl,^BO>/i| 3^ 
>df-y KDSfit^fobTOHPF 1 1 - 1 3 9 3*f$MBfc:|NJ 

IBM [P] fr&fcS. k-7i^FM [P] a, 
BBS"; 3>S^fifi*<3aE«K:#ft-r*«« [ I ] 

is y a >mies^ >=iy h ^T&im^m^mmic 

#&-r^.«M^ [V] £<DmiCft&-?Z> 0 C(D^-7z.t> 

r>«8 [P] fr?.%«->'j3^I-A(t -Orf^h 

cQ3l±«mS£V (mm/») i: L, isV ziynmt^ 

S^JSS^rG (t/ram) fc-TSfcfr. SRSfftffiS^Lfc 
ISteU ^«t»4t5 0S F^^x-ZM^^gPT-^isS 
-TS<fcdfc. v/G (mraV^-t) ©«*8W>Tf* 

[0 0 0 4] 

*-;*J— Ottyctt, OSF, COPStfLD^tt^ 
S hk73 £r*-T 5 2/ >J 3 1/ r> x -/n^46« ifr&tffe £0 



So ±«E/<-7x*M8lig [P] ^5.*S^>df-y 

e.^a^nft'>U3y>i-n(i > osf, copm 

[0 0 0 5] [Pv] 

[Pi] (DrnftfrbteZJlsay hXUffi®. [Pi] 

[0 0 0 6] 

ffi*^EW»c#ffi-r««i«* [i] fcu &fLm&x& 

lv^-7in» [P] fc-TSc:#, ^-7i^h 
[P] nyfM^yny h*9l±*f 

ao S73ffiC3{ST'feS 0 *©1$*;&S*|J«»±, ±KSi« 
[1] ti»L*o±ie'<-7ij'H« [P] fciJBL 

<nmmtt [Pi] t-rsi:^ ±tBm^ [Pv] ri>*» 

[Pi] 0SWft^at))^O|Bl65BtfE*M. 4 X 1 0 18 
a t oms/cm 3 (IB A S TM) H±T?$oT, ?l± 
tftct y i/'jnvWa-O^ hoiasa* iooo~ 
6 0 orcor^SSHrtORff^raSST^TUfc^T^ 

5 0 0^2—5 omrnw&?zz£ic$>z 0 m^m2 

30 fc«sawo!»«**«fi8a, ±EiR« [Pv] RXfm 
« [Pi] <OJR^6*0 36»OttSR«|SE«'l. 1 — 1. 
2 x l o 18 a t oms/cm 3 (ISA S TM) J-XtTfe 
o T, § l±mc i <0 is 'J n V*^^^ «DiB£*< 
1000-6 0 otoSSKBrtoBr^iaSESTBTL 
fc^^>yav*MS-r>dr>y h*ftiiRLT*©iafi 

^6 0 0—5 0 0°CT'2 0—5 0 V$f@ffi$? & £ t lC 

o 

[00 0 7] M*?!3te«5«WO»«***^«, ± 
tefim [Pi] 0**^*t?3^O»jR»«j!)M .4X1 
40 0'8 a t oms/cm 3 (IB A S TM) W±T?&-?T\ 

§ l±tf »c «t y ~> y 3 XMgii-f ^37 F cn?ae ft 1 0 0 
o~6 0 ccoiascffiHrtom^ias^TKTbfc^ 

T- ~> y n >-^ H B B ^ yi 7 h LTf <DUm?k 6 0 
0°CT'2 0-5 omm^tS 0 0°CT*6~5 OKHMW 

«x ±Effi« [Pi] <D*35p6*t)*»o**ilfi*M. 
1-1. 2X10 18 atoms/cm 3 (IBASTM) 
K-tT'^^t. 5l±(ftJ:0v"J h 
<oias*« iooc-600 'C<oiaKIEHr < j©BfSiB*s 
so 7BTLft^7'> y n ^^al-r >n'-y b ^Ao^UT 
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[0 0 0 8] m&m 1 ~ 4 lc&Z5£WT°lt, -jydyh 
[Pv] [Pi] <DWftfrt>1Z%t%, n£ 

vHiffiige [Pi] £D#fr£>&&i:^;:, ^yn'-vhiDi! 

■y Ffr^v-^Vji- ;v&#JttJU dcD-^i— ^n?:^ 

astt-r / w x ^ — a— (d -TV w xiajgi^^iiaa-r * 

±iZmmffitiimmmffiaMa (Bulk MicroDefecU 
li(T. BMDtl^o ) »q«ftU fU?^ [Pv] RUm 
[Pi] <F>JXfifrt>r&%*> /\XHm& [Pi] 

[0 0 0 9] 

imM<Dmm<DBim *awo-> u n ^jmss-y >=r -y 

M±, C Z ffic <k t) *>y F V— >jpft<D*> V n >ii$5b"> 
?»1-:D^rJ7 (Voronkov) (DSlifcim-^/c^ODiag 

lOSlfZXf&t LT, j£^PS (point defect) t&XNk 
<DWkW (agglomerates : H^TG^PS) *^^"T«o ^ 

V2-X^>-wU^--i F) T*%l?n«fcCW«?H 
^yny^pSfc*^,, 

[0 0 10] j&^R6«— ISWtc^yn^Ujffi (j§H>"J 
#>S 0 mpoilk ffi?ia!j«^IBXtt«HFIB^U3>S!jS 

(vacancy agglomerates) V =J 

Wi<DW.fkfc (interstitial agglomerates) ■tffcfRZtl 

L/cC O P<9{lfifC s L S T D (Laser ScatteringTomogr 
aph Defects) X«± FPD (Flow Pattern Defects) t 

3 0ffl$mm&lCT-t=13LvTZ'if (Secco etching, 
Kz C r 2 O? : 5056H F : £$7.k = 44g : 2000cc : lOOOcc) 

n-/<*->j£M"r*JB8*<D»T?fc»>, LSTDtti, 



[0 0 1 1] #D>37€iIili, *B©&tf'>&v>i« 

WW* V (m m/:90 . > J -y h ^ v y n >^f$0[) 
^ffijfi^C^rVrf-y hfp^fifi^JE^G CG/mm) £ 
f^^fC, V/G (mm 2 /# • °C) Kf&mtZCt 

<k cttfc i: 0 , fflFLSjS^K»Sf i:*? W-> U a vgjj£ 
fc«»fi*ra— OfcTWcfcoT, V/Gfc^PfiSJS 

»^«^lf^V/G(CJ:oT^g?nSC ttRflLT 
^5= <fct>f¥L<«. V/Gj±A<B^MiW±-?»4£?LgJ 

^-Y^rfy h^JgfiR^nSo 0 1 Atcfel^T, [I] 

'JavS^ffitffiPflE-rsiW* ((V/G)iJKT) ^ 
L, [V] tif >di-y h^T-cD^?LS^Ri*^BB6*JT 
fe-^Ts S?lS!jSl*Hi08Bfe«:*«fiFfe-r*fiH« ((V/ 
20 G) 2 l-X-h) [P] l&&ftM&Kfc<om&¥Bt.T$ 

^M«E ((V/G)i~(V/G)z) **-To [P] 

tc»]g-r?)M^ [v] tcteo s vwzft>mt% i m$. [o 

SF] ((V/C)2~(V/G)j) «^ftt5, 
[0 0 12] cOM-7x^M§E [P] ttStcffii* 
[Pi] [Pv] fC»«*n^o [Pi] J4V/G 

It ^±15 ( V/ G ) i 6 BBI?jS $ T-CDM^T*$. »3 N 
[Pv] ttV/GJt*«aw^5±IE(V/G)2*-TO« 

^T?fe^ 0 IP^s [Pi] Itmm [I] fcP^L, Jb-P 

fef, [Pv] tiffin [V] tcKSL, *f»OOSF*JB 

[0013] <KDmm<D]&mici3i,i&ffi%.<Dm±ifmm 
immott (v/g) ftft^ffli'V ^z/m&xf&vmM 

f*0«<fe*B6itf*(V/G)iJM±-Zf*oT, ffiTLSj^ 
3£EWtc#ft-r*««rtteS!||S-r*(V/G)2JMT»c«l 
[0 0 14] Jl©?l±^'31ficD7 p D>'7'-i';L'«. HM^ 

i!CD?*^ti, yiaU-ya'yOli;, ISTjIrHc;* 
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ilftfcl. 2mm/^5 0. 4 mm/^aiT* {g 
T**TV/G*JgtlW9fcittT*'&fei:*©'1'>=fy h 

©»rM0;&0i b, 01 cMii Dfc^-n^n^-To 

#0cD^ffili^n^n^ 1 A©E§« (V/G) (cMfSL 
Ts lOOOt, 4 O^^SLfc^OXiBlh^^ 

y ic x s *s^>0 7» s o coat-ii? i±tf iis^ffiT? 

*5fcfoTK [V] , «« [OS FK SIHS 

[Pv] , mm [p.] [i] *wi*o mi c 

tt5l±*ftt« (as-grownOtt») ©±IB-Y >n*-y h £ 3 

OiMB'feaxyfyjrLfef: £©ii£ B B B ©:KR§#fii0 T*fc 
§o C©0T'f;i:±fE [V] Cffl3t«{S«fcCOP, F 

p d*)Wu ±ih [ i ] icmmtzmmic i d*wi 
i loot, i mm%mmisrc'& 2^3iyf> 

^Lfcfc^©MBH<D^R|^0Tfe«o !!<O0t?ttOS 
7b« [Pv] RZfmW [Pi] ©SJWfr^&SJ;-? 

jLnmm [Pi] <D**^**j:d(cis^^ti«o 

[0 0 15] fc:fe x COP*>LD&lf©j&fc|»©»JM* 
*mf*# IXIO-'c m 3 cD*&3t{*«fc:*f LT 1 ffly^Pfi 

««*a*nfc»^*«aTiEffl[ (1x1 o»«/ C m») 
[0016] ^ynv^iga-odry h^±MLfcm^ 

CD V/ G T*3 |±tf S fc#>©3 I±tf «B^0 2-04^ 
2*xS 0 H^-r«J:3fc^y3>*Bft5l±tf^flii 0 

v=i>mmi 2 e r 55^5^1 3*^te»n> 

COH^Soff 1 3©^ffi{±HSJ+>--fe^ 1 4(cJ;«?M 
I?n5o 52SSOJS 1 3<DT®«±IH^iS-9-tr^ 1 
4^r/rLT3£l4i 6©±>^{c@S£ta, <:©£$* l 6© 
TSHiSoiaTJfgft^S 1 Tlzmn-ZtiZ, (12). So 

tfmm^m 1 7(4B7j*Lfc^#53ssoj£i 3*ihhss 

-£SSg 1 HlEffl*— 53ISOl£l 3^#BJ« 

(£1 3 5b<m^©;£lRj{c@teLf§£i:i:fcfc, ±T^i&ifc 

5^i?i 3^e>m^oHPB^rfe^T^ 1 t— * 1 8(c«t 
-^aun, c©8i fc-* 1 8 ti{$rSfl5 1 9(cj;t)^ 



fc SMS© -> U n v^lfiaft %jtaf» -SiUy'Jny 

[0 0 17] $ 1 1 ©±ffiJC«R1§|tt©y— 
»**2 ltf&ig^nSo CKDy— ^^^2 Ha±3l± 

2 1 o±*s»»c*3p«flBT»«EiHiBrftBteaa»6nfe5i±tf 

Ifcffl^-* (H^-T) 'nv FA^H^SoJSfi 3 
©^tetp'DtcipjoTST^nfcy^-fy— -7;l/2 2 a 
10 ±13^-y KP^clStt^ny^y-:/;^ 2 a£# 

So V-Y-Vy— ?Vb2 2 aOT«SSK«i"J nVSJliS 1 2 
t8LTJ"j3>ieS^ydy h 2 4$r3l±«r*Sfci6 

©asan 2 3 tfuxtt »j 6 n * o 

[ooi8] Sftj/'j3yiwsft-r>dyh2 4<Dftm 
Mtft3iZ>~Dlg 1 S^rtMiatoratcti-rvrf-y h 2 4 

<Dftmffi*&w?z,m&ffitfm2 6*wte.ns (02 

—0 4) 0 C©8£&flggM*2 6t±, b-* 1 8 <=>©$! 
IW&^iSSRfBttOWWZ 6 at. C ©ffigP 2 6 a ^ 

20 ©±^T-5£frrs:7^^>*gi5 2 6 b fc**rr« 0 ±IH7 

MigP 2 6a ©TiS*^> 'J n >^ 1 2 SffiTb^m^OS 

mt£i>f±fttc{SLwr& <fc -5 tcf^is^gp^ 2 6 # ^ >^ 
i i rttigsnso 

[0 0 1 9] SfcftigP2 6 a CDTBlClt ±?jlcmfr ? 
S£oTiag*«/jNS< ft«=i — 1 Sfe^fflJSiJg|5#3 
1 *flR 5 tl, fSISfS 2 6 a ©T»*> 3^gP« 3 3 #g 

tM?tl/c3-y^g 2 Smffll^JgP^ 3 2 tfi»£g|5 
ao «3 3 ©TASK WlJP.nS (02-B4) o ^2%i 
SPSiJgP«3 2«» 1 ^WSiJg|5«3 1 »&9r£onR|« 
fettTTOtai^n^o £fcMffi]R8P#2 6©±?3© 
^^>^1 1 rttet±3f±tf6tiT< S-T^rf-y h 2 4% 
SH-TSJ:3fC^^3 4^ j e-©±gP*y— J/V^2 

©±gprt®tc«P3iSi«©^2 k— * 3 

So H 2 t-^ 3 5 ©T77©^SPff 3 4 ©ftgB 0$£U 
^i*3 4©Srt) fC{±^^A^JiS^fflg§3 4atf 
M?^ »ailBfi* 3 4 ©Tffl (^-V^/n lrttc^a 

40 -rsgp#) fc«isia^'iPi{c®t;sxy h 3 4 b#jg/£ 
^ns (02Si>*03) o *fc^ass3 4 a«xy -y 

h 3 4 b©rtMllS^?.StHL^i/^J;3{c^iflMi#3 4© 

ftgp cert) fc*6ffbTjBj«sn (03) , ?#£pagg3 

Vv h3 4 bliftVMl l^feS^WO-OJy 

h 2 4 *mm-?zrctf>ic&f$.-$tiz 0 

C0020] ±ESistfm2SiaawiMw»3 1, 32 

©Sf4£i 6 , 1 &tf Jg 2 «f^f}ifjgl5# 31.32 

©T«^-&tf7j<¥ffi«c«-rs^ 1 RtflB2 SSaMflBBIiBW 
so 3 1, 3 2 ©Hifl 0 a 8 0||«T, S L< a 2 0~ 



(6) 



ftffi 2002-4709 



3tigigp«2 6. miRvm2wmmmi3 1, 32« 

Mo ft'J^fV) , W WV^fV) , C Ob — # 
[0 0 2 !] jgfc^-tO'.'* 1 ! !C!+ I1C0*-V ^.K ! ! <0 

is <J n vJMaBf >=f-y b 2 4 Wc^Stetfx^SSL 

5*w-r*^fxis»#a3 6*<»a*n* (02) „ # 

X*&#M£©3 6 ti-W-5r-->>^2 1 <D/agfcJg;gE£ 10 

nflS4Stf±iB*gtt #x a-r 3 * > * (a^-e-r > 

{cigM^n/ciW^wys 6at 1 1 

Ztlfcmtii'W?3 6 b fc**T$-«o ft^U^3 6 a 
Rtfgfffl/W 73 6 biCHCtxP><D^^y3 6 a, 3 6 

b %tfL?iz>^is&xz<Dffi.m*ffi&? 1 Rt>*ig 2 m 
iii#3 6c, 3 6 dtfznztimvztxZo 

[0 0 2 2] 5l±»fffl^-^<0tH*« (H*ef) tctt 

1 7 fci±:E^30}£ 1 3F«30->U 3>iS*& 1 2<D 20 

tf¥©2 2©5l±vffflqE--*Rtf£Ofi3i8»^® 1 7© 

(ctt^y (hs^-T) tfgtt&n. co^*'jtetiD 
- 2 U x y n - ^(D^ffi m^J fc*f-r & V -V^r -7^ 2 

05l±tf«Sjya 1 V7/t LTKHSft, 

2©ffi®U^b#^2^-y:7i:LTf31t£*l3 0 n>h 

3rtOi"J nyffifBU 2<Dffiffi^(c-^co^;l/{c{^ 

[0023] m2ic7jk^rirc?\±i,fmmic^K)iyv^y 

»«1 2*»65l±tf6nfe^^rfy h2 4tt, 1. ox 
lO^atoms/cm 3 (IBASTM) H±<D|fSi 40 

3>«su 2 (84©«iiU5Bn?/7t, ) 

>dv h 2 4©n;SgP©m&&rMJitf£T£l£±T-^3<D 
T\ -OrJy h 2 4 rt<05l±*«riR|OtSaiBS4giB*^ 



10 

>n-y h 2 4 rtO^WT. h l/XtDfg^%«I»jT-#^0 

^-{C&3o 

[0 0 2 4] -C^Jy h2 40*lRtf»2JW»W»iJ» 
83 ! , 3 2lH©IWtt£ftfcW#-T*0\ k-* ! 8fr£> 
©fllt^ (04<OH^BlT'^-ro ) AWrf-y h 2 4 
0^affiteRMt*nr-f >=T-y h 2 4 ©fl-JBaWMRfi* 

n (0 3<ob©gp^) % mic& 1 stf^fflifijgp« 3 1 tc± 

tex iSiSO^yavffllJRl 2fr£©fiafrS!afc«fc!)3Sij5& 
SRWWMSStt 3 1 ©aSE*'±S-TS*\ Xtei'Vrfy h 2 

4 »6otun«ai 1 tmmnmt 3 1 tfsat-r*. c t ic 

«fc »> % -Orfy F24 *»6©S»a:»Jfttt«W<J«n* 
(@3©c©35#) „ coJS«, Hfc#IWfi£T?©3l± 

-YvdTy h 2 4 Ao^Ko«BMmk % »JH«©s«ia« 

[0025] &tcmii&*mffl$m3 i£*>±?s&ft-e 
it, m 1 1— ^ 1 8atf->u 3 vs4?s 1 2 a^oHMift 
1 mm»tmt 3 1 st/f^sffigpw 2 6 omw 2 6 

afc«k Oji^nT-Orf-y h 2 4 fcHgtif^n-fs bfrfc 
^ 1 Sf^U^JgPW 3UD ±75"©^M<* 3 4 rt<D?p^ 
J1S§3 4 afc^TfotfiiSOT?, ^>-ri>y h 2 4l±W$i 

(DT<D&ftT<D4>3y h2 4 rt05l±»jT*|R|0»ft43 
BEM^riS < T S C *'T^ 2> . 
[0 0 2 6] Mte?$ai««c3 4fc«fc»mi3J;2fft;fe-f >=f 
7h2 4 ?|±tf 5.nt^2 t-^3 5 OffiSfCfija 
•TSi:, S2 t:-^? 3 4 {c,t»3An^?ni»o c©S2t 
— ^ 3 5(DWTWt<DtiLWli. 5\±ifZtircr>3y b 2 
4©S*mTLT3f£ffl«tea*ffi«Tfc.6. ClcORfT 

^iasa i ooo~6 o otoiafiSBHrtA^stfn 

So 6 0 0°C*«T'{i«ST*^LT^*«fa^^f€?S 
L(C<<. lOOOt^StOSFiA^Snj: 
Mc&So ffSL<a9 0 0~6 0 0tT$5„ 

[00 2 7] <fcfcS52 t-^3 5 0ftl|»fc#a N 3l±lf 
?»nT< SfVri-y htf±JELfcffi« [p v ] at/ffi^ 

[Pi] <DMJjfr£>%:Z>t>\ gKl/H±ffi« [Pi] (OHf^b 

(a) ^yi7h*l60(])ICgtig [Pv] Rtffl|« 
[Pi] <D7M5frt>i3;*) , {-OMQUUIt 1 - 4X10 

18 atoms/cm 3 (IB A S T M) JM±TfafeS*&»C 
l2t-?3 5t t t») 6 0 0~5 0 0tT'2~5 0 

(b) -(y37h*l6(0®(wf^ffl^ [Pv] SlxSW$. 

[p.] omisfrtt*,, zvmmmmtti. i~i. 

2 x 1 0" a t om s/c m 3 (IB A STM) T'$>-5« 
•&»C« X 12 k-^ 3 5 »C«t t> 6 0 0 — 5 0 01CT-2 0 



11 

~ 5 o m?sm&? % «t o icimm-r 

(c) 4VdyhffB6(D<^m'tW& [Pi] 

fctK ^O&HiigStf 1 . 4X1 0' 8 atoms/cm 
3 (IB A S TM) JGt±T?*«it£fc:«:, S2t-^35 
{C<fc t> 6 0 0 °CT 2 0 — 50 BffglXte 5 0 0 °CT* 6 — 5 

(d) -Orf-y hjb<H6 0®lc^r«« [Pi] cD^fre. 

^CD&fgiftfttf 1 . 1 — 1. 2X10 18 atom 
s/cm 3 (IB A S TM) T'*^*&(C«, S2t-^ 

3 5icit> 5 o o^c-??5 ommmmtz&oiajam? ™ 

So 

[0 0 2 8] -Odf-y h<DWHMflME^aH« 

a [pi] a<£^g. mmxmmm^.uc<^m^iti i 

Z.tlc£ *)^>3-y }~<DU&%: 5 0 0°C~ 6 0 0 

[0 0 2 9] 0 5tiffi^ [Pv] <9*fr£:£S-fV:fy 

5<DmSiOgHl^-r o 0 5C>a?lcD:/n->> 
SVr.fcdfC, H2t- *3 5 £f^lS£-e&^ig^tCte--r 
>rf-y h©fflS»±3l±*f«fcfct>fc:Jt«W&<«T-rs 
CD(C#LT, HSOHsttcoyn-y h T?7jVT J: 5 CO 

±mc«k Diooo- 600 "coraKiBHrtom^ag 

#RteV>:J-y hQBKiftHgtftt 1 . 5 x 1 0 18 a t o 
ms/cm 3 (IB A S TM) T°&Z,£%lC s 0 5<D|?f 
LT'^:-rd;-5fc. 15*^7 7^*5 0 0°CcDfii«T' 
^*6^*Sif-r«fc, ^-W/^l 1 <D±ffl<D£<Dtt 

b^fiJSW 5 ! 0 5 0 o C<D{s*BTiSJt 2*1-5 «fc3»CL/cM 
ayn77^1/-?*5„ IP'S, 8S2 fc — *<DA7— *CJS 

^asBtxsi?j»*aa-r*i:x ±ie^**fw^BMDtc 

fiKS-r^o -fydy hiSW [Pv] RtfffiS [Pi] <D 
2X73fre>&3±§^t>, Avtiffitf [Pi] 

te, <7x-/v£:Etc I G#jm%W-r3cfcdfc: ; 53o & 

*3s BMDSBjSte, £x— ^Sffifc^-f' h (Wright) X 
*»6»*2 5 0,im©i:C5^IiiI«t^L so 



^fW2 002-47094 

12 

ttciDiiJs^n, i G^m^w-rsi^ns bmd# 
a&fite, ixio a i/cm 3 a±, $?$L<teixi 

O'i/cm'- 1X10" f/cra ! t^So 
[0 0 3 0] 

So 

<mmm i~8>@2 tc^-r-> u n vj&b as i±*f 

*ffl^TBl6'T^O^nl' (B) 4I«F— ^Stlfcp 
S<D'>'Jnv^>df-y h^?|±6ffc„ COi'Vri-y Mi 
MBPOitgtf 6 52tf6 0 0inm, Hffl&^tt 
tf(lOO), fiSt** 1 1 ~ 1 5 Q c rru B&fSlSStf 
1. 4 — 1. 5 x 1 0 18 a t om s/c m 3 (IBAST 
M) T'&ofco -(>37ha, 3l±te"Bf©V/G£r0. 
2 4ramV»W^O. 18mm 2 /3TC * TfjBttWfe: 

*-r8 5I?)©*frT»J«U &*#T*2:fcf £ Oif/&L 
fee W.2 t— ^tc«fcS-rv=f>v hOtagite, 3l±tftcJ: 

i t^-r 8 a 5 <o^#-ef5^ fe c 2 *fiLftn , >3> 

r-©5"£<0 l^O-rvrf-y M±0 6fC7jVr<fc5fc:3l±l:f 

g'JO 1 *fr £ 0 6 5 -f XDteaVTSWWP &->'j3>") 
x— /vgr^JtBU K«i:Lfc 0 i6(^l Blc^ 

jcs-r«o iicD^jTtessftfc&s'j'x— ^t±x 
[Pv] &t;«« [Pi] omjjfrttZo 
[0031] <tam i~i4 >mmm 1 traaitesu 

1 4il»3<0^ftt > Wfi2Lfeo co^yi-yho^Siag 
tel. 4—1. 5 x 1 0 18 a t om s/c m 3 (IB AS 
TM) T*fe5. HSS0U1 t|SICffi«T*fcS0 6cDv^>' 

fOx-^te, ffi^ [Pv] RtfMft? [Pi] (DMJffrZ 

[0 0 3 2] <]t«Pl 5>S^SJS*M. 4-1. 5 
X 1 0 18 a t oms/cm 3 (IB A S TM) t^^T, 
S2t-? Z^itWllz L fcJ«*k Hi 1 (si CffllT 

[Pv] RtftRiS [Pi] <D3BWfr&£S 0 

[00 3 3] < J:b«!ff{ffi 1 >HSS«RJ 1 - 8 Sa'Jrb^i 1 

~i s<ov^-^*zn?nmmwmmm%.i : T'\ 20 

0 °C, 6 0 ftTM\m LT, 0 S F ^ffilL^MlI^ffo fx 
& •br3x-y^>^-%2^HfTofeo -t^t 

c0->x— ^T'gffi^e.2 0 /im<D)^^(Ct)fxoT^:®0 
SF7'J-T*$o /to S 1 - 8 Rtf Jt«01 1 ~ 

1 5CD^x— /N^rSiSiJHmTx 8 0 4V$m$m 

itfti, 31^^ i o o o°ct* i 6^Hiwa3aufca, 
mizv^-^ms&^'f h (Wright) x-vf-z/ym 



(8) 
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3 ttifi, IP"£ •} x-/\<D<t>/kfr 6 2 V^{tifiOD§ B M 



COO 3 4] 

can 





(xl0 ! 7cm 3 ) 








»*[Pi] 
^x~A02/3E 
(/cm*) 




fftt 


**[Pv] 
(/CO*) 


XMM 1 
» 2 
yy 3 
yy 4 


1.4-1.5 

// 
// 
// 


600 

/y 
// 
// 


2 
6 

20 
50 


7.0x10" 
9.0x10" 
1.0x10* 
3.0x10* 


2.0x10" 
3. Ox 10" 
7.0x10" 
l.Ox 10" 


yy 6 
// 7 
/> 8 


1.4-1.5 

// 
// 
// 


500 

// 
// 
// 


2 
6 

20 
50 


8.0x10" 
1.0X10 9 
2.0x10* 
6.0x10" 


1.0x10" 
l.Ox 10* 
9.0X10' 
1.3X10* 


1 

yy 2 

" 3 


1.4-1.5 

// 
// 


1050 

// 
// 


2 
6 
20 


1.0x10" 
9.0X10 7 
7.0X10 7 


1.7X10 7 
1.5X10 7 
l.Ox 10 T 


ttwtm 4 

// 5 
// 6 


1.4-1.5 

// 
// 


iooo 

// 
// 


2 
6 
20 


7.0x10' 
6.0X10" 
6.0x10" 


1.7x 10 7 
1.5x 10 T 
l.OxlO 7 


yy 8 
" 9 
yy 10 


1.4-1.5 

// 
// 
// 


800 

// 
// 
// 


2 
6 

20 
50 


7.0x10" 
6.0x10" 
5.0x10" 
5.0x10" 


1.6X10 7 
1.6X10 7 
1.5xl0 7 
1.4xl0 7 


tt«Wli 

// 12 
// 13 
// 14 


1.4-1.5 

// 
// 
// 


700 

// 
// 
// 


2 
6 
20 
50 


7. Ox 10" 
7.0x10" 
8.0x10" 
9.0x10' 


1.8X10 7 
2.0X10 7 
3.0X10 7 
4.0X10 7 


ttmmis 


1.4-1.5 






7.0x10" 


1.7X10 7 



CO O 3 5] m 1 A^B^C,^*<fcd{C, ">x— /ACD^fjl 
liAtfl. 4—1. 5xiO l8 atoms/cm 3 £:i± 

«w«<, mm cpv] «rdtrct"ta6t>r, SB2t— 

2 T* 600-500 °CT* 2 - 5 0 BMBAm L^HM09 1 
~80->x-/n{CO^T I Gai^SJ:?^ 1 x l 
O'fl/cra'HiOBMDftafS^SLfc, CtltcM 

1-14 Sl/Jg 2 b ttftmc LfcJt«09 1 5 T'« 
■>x— /Ntf^SPTtt I G^^:#-r§ BMDf*«2gfg# 
t#e.nfc^ ^i-AOZ/aRflilO'i/cm^ 

COO 3 6] <HSg^j9— 1 2 1 . 1- 

1. 2X10 18 atoms/cm 3 (IHASTM) 

v b^ias* 1 9 0 0 °c $ t^t l tcm&T\ m 2 fc^-r 

©7-1' >-©(c^-rgP^ U n >•> x-/N^tt| U 
t#ft£Lfc 0 c<£>HjBfc**'>x-/>a\ flW [Pv] 
RVmm [Pi] cD25Wfre>&3 0 
COO 3 7] <it&0Ul 6~3 3>H«W9tra«»i:5l 



ftttl. 1 — 1. 2 x l O 18 a t om s/c m 3 (|0A 

stm) T-feo, uss^ji tmv&mT'&zmeo^'f 

Sfc^x-^fcJu [Pv] Rtf«f« [Pi] «DjR7?*> 

COO 38] <J±B?0lJ 3 4>Bfcfta&*M - 1-1. 2 
xiO' 8 atoms/cm 3 (IB A STM) T'Sot, 
§§2 fc— *«7fnWcLfc£0k HS6091 iilBIUffiST 
& 3 @ 6 <D =7 -4 XD \zw<$%l>$i1? % i/ V n y <y x — 

[Pv] Stfffl« [Pi] OJ5W^&3S:*o 

CO 0 3 9] <itf5i¥<ffi2>HSSP9~l 2RtfJ£80d 
1 6-3 4 0r>x-M*Jt«aMBl fcH«teLTOS F 
WftffcSftSaaSrff o -tr hi f>^2 SMfflffo 
/Co 't'^TCCi^x— ^^T'^^*•'?> 2 0 ^ m<D 

mZlCt>fc-oT±ffiO S F7'J-T'^ofc 0 SfcH«« 
9—1 2&tfi£«0lJl 6~3 4 0*x-M*lt«ffflBl 
fclSISifCLT^x— /N^DgPfc, -j7x-^<T)^SR (3 
f ©2/3ftJfi<D&BMDft«&S£-£tf>/co d 

np.o^^rg2{c^-r 0 

CO O 4 0] 
C3I2J 



50 



(9) 



#ffl2 002-4709 



15 



16 





(xIO'Vcd 3 ) 






£S tr£ TP 1 

(/cm 3 ) 


as rp i 

*>i-M2/3R 
</«■*) 




mm 


Jf 10 


1.1-1.2 

// 


600 

// 


20 
50 


1 A w 1 A 8 

J.UX 10 
3.0xl0 8 


1 A w 4 A 8 

1. OX 10 
1.0x10* 


mmmn 

" 12 


1.1-1.2 

>/ 


500 

// 


20 

e a 

50 


2.0x10* 
7.0x10* 


1.0x10* 
2.0x10* 


// 17 
// 18 


1.1-1.2 

// 
// 


1050 

// 
// 


2 
6 
20 


3.0X10 7 
l.OxlO 7 
9.0X10* 


2.0x10* 
1.0x10* 
9.0x10* 


it«fcll9 

// 20 
// 21 


1.1-1.2 

// 
// 


1000 

// 
// 


2 
6 
20 


2. Ox 10 7 
3.0X10 7 
l.OxlO 7 


2. Ox 10* 
1.0X10* 
8.0x10 s 


!t®0»J22 
// 23 
// 24 
» 25 


1.1-1.2 

// 

// 
// 


800 

// 
// 
// 


2 
6 
20 

en 
uU 


3.0X10 7 
4.0X10 7 
7.0X10 7 

i:oxio 8 


2.0xlO e 
2.0x10* 
l.OxlO 8 
9.0x10 s 


// 27 
// 28 
// 29 


1.1-1.2 

// 
// 
// 


700 

// 
// 
// 


2 
6 
20 
50 


4.0X10 7 
5.0X10 7 
8.0X10 7 
1.0x10* 


3.0x10* 
l.OxlO 7 
3.0X10 7 
4.0X10 1 


it 18*0930 
// 31 


1.1-1.2 

// 


600 

// 


2 
6 


7.0X10 7 
8.0X10 7 


4.0X10 6 
9.0x10* 


" 33 


1.1-1.2 

// 


500 

// 


2 
6 


6.0xl0 T 
1.0X10 7 


7.0X10 6 
2.0x10' 


Jttt«34 


1.1-1.2 






3.0X10 7 


2.0xlO e 



CO 0 4 1] mzfrWRibfrlZ&oK. ^x-znA^^ 

[Pv] ^A,-e^rd)\ *commm&ft \ . i~i. 

2X10"at oms/cm 3 fclt^{gl/^t:fefet3 
T, W>2 k — O 0 — 5 0 Ott'2 0 — 5 OBfRftta 

^LfcH$SM9 — 1 2<£>'7x-/n-£ s L2M G&JJUtf&S 
tSn5 1 X 1 0»{B/cm 3 J^_h<DBMD^«SB,S^# 
S&frofco $/c^2 k — 0 0— 5 0 0°CT2 — 

6^raX« 7 O 0°CiH±<DM~UT1}UmVtcitmm 1 6- 

3 3Rxim2 t—z*^ri?micur£itmm3 4 -ew^x 

-AC2/3 RTMxi 0'i/cm 3 KT<OBMD<*l 

*m'&T 3 C t T* f- & o fco 
[0 0 4 2] <HS£#IJ1 3— 1 7>gf*2ifijbM. 4- 
1 . 5X1 O 18 at o m s / c m 3 (IB A S T M) 

sew* mmm \ tmmic^yav h%w^Lfc 0 m2 

-V hcDf&SE^g O 0°C3;TPiTLfcBfj&-C\ i3t/T^ 

3^x — /Nl± N W>M [Pi] (Dfr-frZttZo 
[0 0 4 3] <J±«?#J3 5 — 5 1 >mmffl 1 3 tlTOc 
?l±iffc-r>dr-y h^2 k-^T^P^b*^P,a3fC 



mmZ\. 4—1. 5x10 18 atoms/cm 3 (IB 
A S TM) USSCTl 3i:|5HittgT-fei.0 6£D 

■^^^©(c^-rgp^e^aJU BO^tL/io c<Df££[ 
t&Sfc^x-/^ [Pi] (DfrfrZlSZe 

[oo 4 4] <tmM5 2>mm'm&tfi . 4-1. 5 

X 1 O 18 a t oms/cm 3 ([BAST M) WoT, 
S2t-^ *7Fftmic L fe#fls SISSCT 1 3 t |b| CffiB 
Tfe-5 0 6<D'^^('>'(D{C^:"f"o|3^-^P)> / U 3^*i7x — 

[Pi] <Dfrfr 

[0 0 4 5] <Jt^sfffi3>**S^Jl 3-1 7Rtfit® 

«3 5~5 2CD'yx.—^*itmwmi trnmi^Lxo s 

r>fc a ?<DH&$k, t'<Ttf)7x-AtSI^C,2 0 ( iin 
cO?gl$(cfc./ic>T^ffiO S F 7U--efeofco SfcHSI 
m \ 3-1 7&tfJ±i£0IJ3 5 — 5 2©>>x-^^i:b^i¥ 

(3-T>^) 0 2/3^ifi<D§BMD|*^ja^5}<i6 

feo cne>co^m^a3^-r 0 

[0 0 4 6] 
[«3] 



50 



(10) 



m?$2 00 2-4 7 09 



17 



18 







fg2fc-*fc 


»#lJ!««DBMDtBg 






«*[Pv] 

(/ca 3 ) 


»«[Pi] 
»>i-A0)2/3R 

(/cbM 




(KIO'VCB 3 ) 




It** 


// 14 


1.4—1.5 

// 


600 

yy 


20 
50 


1.0x10* 
4. Ox 10 a 


1.0x10* 
1. 0 x 10* 


// 16 
// 17 


1.4—1.5 

yy 
// 


500 

yy 
yy 


6 

20 
50 


1.1x10" 
5.0x10* 
8.0x10* 


1.0x10" 
3.0x10 s 
6.0x10* 


ittt«35 
" 36 
// 37 


1.4-1.5 

yy 
yy 


1050 

yy 
yy 


2 
6 

20 


1.3X10 7 
1.3xlO T 
1.2X10 7 


l.OxlO 7 
l.OxlO 7 
l.OxlO 7 


// 39 
// 40 


1.4-1.5 

yy 
// 


1000 

yy 

// 


2 
6 

90. 
CM 


1 Owl nT 

1 . J x iu 

1.2X10 7 

1.2X10 7 


1 . 0 X 10 

l.OxlO 7 
l.Ox 10 7 


JtCt0)4i 
// 42 
// 43 
// 44 


1.4-1.5 

yy 
yy 
yy 


yy 
yy 
jy 


O 
u 

6 
20 
50 


1.1X10 7 

1 A w 1 AT 

1 . u x iu 
1.2xl0 7 
1.4x 10 7 


l.OxlO 7 
1 . 1 x 10 7 
l.OxlO 7 
1 .2x 10 7 


I£»0d45 
" 46 
// 47 
// 48 


1.4-1.5 
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6 
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1.5X10 7 
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6 
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1.6x10 s 
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1.2x10" 
1.3x10" 


Jt««63 
// 64 
» 65 
" 66 


1.1—1.2 

// 
// 
// 


700 

/y 
// 
// 


2 

D 

20 
50 


1 .7x 10 7 
2.0X10 7 
o . u x i u 
5.0X10 7 


1.3x 10 7 
1.4X10 7 
1. f x JU 
3.0X10 7 


it«<#!67 
// 68 
// 69 
// 70 


1.1-1.2 

// 
// 
// 


600 

// 
fj 
// 


2 
6 
20 
50 


3.0x10" 
6.0X10" 
9. Ox 10" 
1.2X10 7 


2.0x10" 
4.0x10" 
7.0X10" 
9.0X10" 


itttWl 

// 72 
// 73 


1.1-1.2 

// 
// 


500 

// 
// 


2 
6 

20 


8.0X10" 
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